Visceral fat is a strong predictor of insulin resistance in obese subjects, but not in normal weight individuals, suggesting that this association might occur only beyond a certain threshold of visceral fat amount. Unlike subcutaneous fat, increased visceral fat is associated with increased hepatic glucose production and reduced glucose disposal. This association is independent of the methodology used to assess insulin sensitivity in humans. This article reviews all relevant data coming from epidemiological, clinical and interventional (weight loss) studies and studies obtained in identical twins. International Journal of Obesity (2000) 24, Suppl 2, S32±S35 Keywords: insulin resistance; visceral fat
In the middle of the eighties it became clear that people with central adiposity and, to a greater extent, subjects with central obesity have an increased risk of developing non-insulin dependant diabetes mellitus (NIDDM). At that time researchers began to try to understand which pathophysiological, biochemical and molecular mechanisms were responsible for this statistical association. As NIDDM depends upon the combination of insulin resistance and a beta-cell defect, and since insulin resistance is generally thought to be the link between obesity and NIDDM, the ®rst hypothesis explored was that subjects with central obesity were characterized by a more severe insulin resistance and were more prone to developing NIDDM. This hypothesis proved to be correct. For example, by using the insulin suppression test, Evans and co-workers were among the ®rst to ®nd a signi®cant correlation between waistahip ratio (WHR) and insulin sensitivity. 1 Their results were con®rmed by others who used a variety of methods, including the gold standard in the evaluation of insulin sensitivity, ie the glucose clamp. Figure 1 reports the rates of total, oxidative and non-oxidative glucose disposal that we have measured by the use of hyperinsulinemic euglycemic clamp combined with tritiated glucose infusion and indirect calorimetry in obese women with peripheral or central obesity, as evaluated by the WHR. Women with high WHR had signi®cantly lower rates of glucose utilization than women with low WHR, with an impairment of both oxidative and non-oxidative pathways. Lillioja and coworkers, who used the waistathigh ratio (WTR) instead of the WHR to determine fat distribution found similar results. 2 Thus, it is now accepted that people with a central pattern of fat distribution have a glucose metabolism less sensitive to insulin than people with a peripheral pattern of fat distribution.
Studies based upon the measurements of WHR or WTR use waist circumference as the indicator of the amount of fat located in the central part of the body. However, waist circumference cannot give any information about the relative proportions of subcutaneous abdominal adipose tissue (SAT) and visceral abdominal adipose tissue (VAT). In order to obtain this information it is necessary to utilize imaging techniques. Indeed, by computerized tomography (CT) or by magnetic resonance imaging (MRI) it is possible to understand whether a central pattern of fat distribution is mainly attributable to an increase in SAT or in VAT. 3 Simple anthropometric parameters like the waist circumference or predicting equations including a variety of simple anthropometric measures are poor surrogates of imaging-derived measures, especially of CT or MRI evaluation of VAT. 4 The partition of fat in the visceral or in the subcutaneous regions of the abdomen is not a trivial point, as VAT, SAT and subcutaneous gluteo-femoral adipose tissue (GFAT) are morphologically and functionally different. Insulin effect is lower in VAT where catecholamine effect is higher. As a net result, VAT releases more free fatty acid (FFA) and also more lactate than SAT and GFAT. The two central fat depots have also a different drainage to circulation, as most of VAT drains into the portal circulation, whereas SAT and GFAT drain into the systemic circulation. 5 Now, the question is:`Which of the two central fat depots is more strongly associated with insulin resistance?' We were among the ®rst to address this issue several years ago and we found that VAT is inversely correlated with insulin sensitivity. 6 Figure 2 illustrates the inverse correlation we found between insulin-mediated total glucose disposal during euglycemic hyperinsulinemic clamp and the area of VAT, as measured by MRI, in a group of nondiabetic premenopausal obese women. The data were adjusted for the total amount of fat, as measured by isotopic dilution. Interestingly, this inverse correlation was found only in obese but not in nonobese women, suggesting that the association of VAT with insulin resistance might occur only beyond a certain threshold of VAT.
The inverse correlation between VAT and glucose disposal during insulin clamp was con®rmed in a group of obese women with various degrees of glucose tolerance and of different ages (both premenopausal and postmenopausal). In this group we were also able to ®nd a direct correlation between residual hepatic glucose production (HGP) during insulin clamp and VAT. 7 These correlations were virtually unchanged after adjustment for total fat mass. These data suggest that not only does insulin affect glucose disposal in peripheral tissues, mainly skeletal muscle, but also its effect on the liver is associated with the amount of VAT. In our experience, SAT was not inversely correlated to any parameter of glucose disposal during the clamp. Figure 3 Fat distribution and insulin resistance E Bonora S33 MRI, in nonobese and obese premenopausal women. It is clear that no relationship was found in either group. Yet, we were unable to ®nd any relationship of the ratio between subscapular and tricipital skinfolds with total glucose disposal during hyperinsulinemic clamp, suggesting that an increased ratio of central vs peripheral subcutaneous fat is not associated with insulin resistance. Thus, VAT seems to be the driving force in the relationship between waist or waistahip or waistathigh ratio and insulin resistance. Table 1 lists the papers published so far on the relationships between VAT, SAT and insulin sensitivity in both nondiabetic and diabetic subjects. With the exception of two papers from Abate and coworkers, 8, 9 all other papers reported a negative relationship between insulin sensitivity and VAT but not SAT. Most importantly, our results were consistent in men and women, in older and younger subjects, in nonobese and obese individuals, in Hispanics, Blacks and Whites, as well as in subjects with high and low risk for NIDDM. 10 ± 19 In a recent paper by Goodpaster and coworkers, both VAT and SAT were independently related to insulin sensitivity. 20 Further con®rmation that insulin resistance is related to VAT rather than SAT comes from recent results obtained in identical twins, longitudinal studies and intervention trials. In identical twins discordant for obesity, the intra-pair difference in the area under the curve of insulin during OGTT, which was taken as a proxy of insulin resistance, was correlated with the intra-pair difference in VAT. 21 Thus, the greater the difference in VAT among the twins, the greater the difference in insulin sensitivity, suggesting that the relationship between insulin resistance and VAT is not an epiphenomenon of something else and is not confounded by genetic in¯uences. In a longitudinal study carried out in 30 women, the 7 y change in fasting plasma insulin, which was used as a marker of insulin sensitivity, was strongly correlated with the change in VAT but not with the change in SAT during the follow-up. 22 The ®nding of a relationship between VAT and insulinainsulin resistance changes over time is of great value in terms of pathogenic implications. Yet, treatment with dexfen¯uramine for 3 months resulted in a signi®cant decrease in VAT rather than SAT. This speci®c decrease in VAT was accompanied by a remarkable increase in insulin sensitivity, as assessed by the minimal model technique. 23 This result once again underlines the fact that VAT and insulin resistance change in a consistent fashion. Finally, physical training induced a loss of VAT in NIDDM which was strongly correlated with the improvement of insulin sensitivity, as assessed by the short insulin tolerance test. 24 Indeed, the variance of the increase in insulin sensitivity explained by the loss of VAT was about 80%, to suggest that other factors play only a marginal role.
In conclusion, it is certain that central fat rather than peripheral fat is associated with insulin resistance, and that visceral fat is more related to insulin resistance than subcutaneous abdominal fat.
